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I  Ictrodiictioft 

I  ’  .  ■  '  ' 

i  The  application  of  organophosphates  as  insecticides  has  greatly  j 

|f.T?l>snded  during  the  last  few  years.  Thanks  primarily  to  Schrader,  a  j 
-large  variety  ^  these  coiapoands,  idiich  are  highly  effective  especial-  \- 
jly  a^inst  sucking  insects,  was  prepared.  Their  biggest  disadvantage  ! 
|waB  a  strong  toxicity  for  wara-blocded  animals,  Heeently,  however, 

■'there  liav®  been  produced  coi^ounds  idiich.  solve  this  inconvenieEee  in  a  I 
satisfactory  way.  An  advantage  of  organopbosphates  is  that  they  do  not; 
[bring  about  resistance  of  insects  (as'is  the  case  with  cMLorated  in-  \ 
[secticides) •  i 

A  significant  Step  forward  iras  the  discovery  of  ^rsteiaically  I 
iseti^re  organophosphatesi  although  their  teaclciity  is  presently  much  hi^ 
[er  than  that  of  cea?tsin -contact  organc^oi^hates,  j 

The  widest  application  among  this  grot^  was  noted  with  the  so-  j 
called  OMPA  (octametlXFlpyrcqshbsphoramide)  ©r  Sohradan  (l)  j 

(CH3)2K^  ^N(ca3)2  I 

Pure  OMPA  is  a  viseoae,  eolccrless  liquid  with  a  melMng  point 
[of  20®  e,  boiling  point  1142®  C/2  ram  Hg,  density  l.lll'U.  It  is 
soluble  in  water  and  organic  solvents,  with  the  exception  of  petroleum  S 
:©ther*  I 

^  It  is  very  stable  in  slightly  acid  or  alkaline  solutions.  For  i 

spr^iring,  it  is  used  in  a  ,1  -  »3%  water  aolution  of  technical  prep-  j 
arations.  In  the  same  'concentration,  it  is  also  used  in  seed  treat¬ 
ment  (saturation).  The  safety  period  is  rather  long  and  depends  on  the 
season  of  the  harvest  and  the  meteorologlQal  conditions.  For  crops 
barveated  ia  May  th^  period^^^^^i^  it  has  an  lucre asii^ 
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tendency  up  to  eight  weeks  for  crops  har^estAd  in  Hoveiaber  Its 
Uy  is  rather  high.  According  to  accessible  soureeS-  Sere  is  a  SSS* 
in  oral  application  in  dosea  between  10  -  20 
amount  dangerous  to  men  is  estimated  at  300-600  mg  per  os 

s^ptoms  of  poisoning  arrive  only  after  a  certaS  latent  peS! 

linjShLaSj  metabolites  of  Schradan  act  as  inhibitors  of  cho-* 
linestherasis,  bohradaix.  was  used  even  in  this  comtry  against  the 

poppy  aphid,  Schradan  poisoning  of  forest  animals  vZ  observed^in  this 
connection.  It  was  necessary  to  test  a  icethod  for  detecting  smal3 
amounts  of  Schradan  and  methods  of  isolation  from  biological  mat^rtel. 
u  ^  •,  technical  products,  om  is  detemined  after  a  selective^"  ' 
hydrolytic  extraction  in  an  alkaline  media  and  titration  of  the  free 
diroetkylaraine.  In  vegetable  material,  there  were  used  in  the  detection 
(in  phosphoric  acid  colorimetric  method 

hd  ^  hydrolysis),  or  the  colorimetric  meth- 

cd  ox  d6t6i'*iTiinStjLori  of  r  S6cotid3.t*y  sjniii!©© 

W  ^  both  procedures.  The  latter  was  coErolement- 

ea  by  new  methods  of  detection  of  secondary  amines.  . 

Experimental  part 

3.)  Appliances  and  chemicals  useds 

,?G  ml  and  100  ml  decomposition  retorts  with  reversible  cooling 
apparatuses,  ® 

2S0  ml  and  100  ml  laeasui’ing  retorts, 

¥asak-Sedivec  arsenic  determination  apparatus  with  a  test-tube 
provided  with  a  side  outlet, 
pOTnass-Wagner  distillation  apparatus, 

Glycerine  bath  with  a  teiKperature  control  and  mixer, 

Lange -Universal  colorimeter. 

Brussels  Sytam  —  a  technical  product  with  $k%  active  sub¬ 
stances, 

20^^'soda  ^  ^  AgNOj  |  30?  KaOH, 

.1?  solution  of  hydrochloride  diitettylamine  freshly  crystallized 
from  alcohol, 

solution  of  acetal  in.l?  nitroprussiate, 

#1?  solution  CuSOh  ,  ‘>H20  in  concentrated  ammonia, 

•5?  solution  C0CI2  *  6H2O  in  concentrated  ammonia 

»>?  solution  NiGl2  •  6H2O  in  concentrated  ammonia 

.5?  solution  AgN03  in  distilled  water.  •  • 

SseSc'^SiSide**  pyridine,  pxu’est  carbonic  disulphide  * 

Keta],  zinc. 


2)  Hydrolysis 

In  the  hydrolysis  of  a  molecule  of  OMPA  with  a  mineral  acid 
there  are  formed  k  molecules  of  dimethylamins  salt  and  2  molecules* 
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of  phosphoric  acid. 


(CH3)2N^«. 

{CH3)2N'^ 


I!  .N(CH.)2 

PC  +  ijH*  +  SHpO  « 

^N(CH3)2 


•  k  /.  (CH3)2NH2/  +  2H3P0|^^ 

The  conditions  tinder  which  OKPA  is  quantitatively  hj-drolyzed 
have  been  examined*  For  that  ptirpose  a  (approximate)  solution  of 
active  substances  of  the  technical  Brussels  Sjdiam  was  prepared*  The 
development  of  the  hydrolysis  was  observed  colorimtrically  according 
to  the  contents  of  phosphoric  acid  in  the  hydrolyzed  sample*  In  this 
process  the  phosphoraolybdate  blue  method  tjas  used,  and  the  intensity  of 
coloring  was  measured  by  a  Lange-Universal  colorimeter  with  a  yellow 
filter.  The  following  procedure  was  observed, 

k  1%  sample  (approx)  of  OMPA  was  taken  with  a  1  ml  gauged  pipette 
into  a  50  ml  deconposition  retort,  mixed  with.  20  irO.  of  a  mineral  acid 
and  heated  under  the  reversible  heating  apparatus  in  a  glycejd.ne  bath 
provided  with  a  thermostat.  After  that,  the  sample  was  taken  out  of 
the  bath,  the  cooling  apparatus  carefully  rinsed  with  water,  and  the 
contents  of  the  decomposition  retort  transferred  into  a  250  ml  measur- 
ing  retort,  then  filled  up  to  the  mark  with  distilled  water.  10  nl  of 
the  measuring  retort  was  sucked  a  pipette  and  placed  in  a  100  ml 
measuring  retort,  dilluted  approximately  to  $0  ml  by  distilled  water, 
coloi^d,  filled  up  to  the  mark,  and  measured  by  a  coloriajeter,.  The 
results  are  given  in  Table  1. 

Table  I. 

■ 

Sample  Temperature  Length  of  Acid  used  '  rngPOL” 

“C  hydrolysis  ^  * 

in  hours 


1 

25 

I 

,08N  H2SOL  b 

.00 

1 

25 

2U 

.08N  H2S0j:  b 

.IS 

1 

25 

1^8 

.08N  HpSOj;  b 

1.2s 

2 

100 

1 

IN  HoSOrJ 

6.65 

3 

100 

2 

IN  HgSOii 

«  6,95 

h 

100 

3 

IN  HpSOj 

■  6.90 

5 

110 

1 

•IN  HCl  ^ 

6.33 

6 

no 

1 

.IN  HgSO, 

S.hS 

7 

no 

1 

IN  HCl  ■ 

7.00 

8 

no 

1 

IN  HpSO, 

6,80 

9 

no 

'  ■  2 

IN  HgS0|| 

7.00 

10 

no 

k 

IN  H  SO, 

6.90 

11 

no 

6 

IN  HpSOf 

.  7.10 

12 

no 

8 

IN  lOof 
d  h 

7.00 

3 
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"a”  indicates  the  valtie  denoting  the  number  of  mg  of  PO,  ion  in  1  m3. 

of  approximately  1%  Sytam.  '  ^ 

"b”  indicates  1  ml  of  approximately  Sytam  dilluted  in  a  250  trd.  meas- 
uring  retort .^by  »08N  HgSO^  up  to  the  mark  and  left  at  25®C. 

7.00  mg  PO^"-'  is  equivalent  to  1,05’5^  solution  of  Sytam  (con¬ 
verted  into  0^SPA  for  calculation  purposes) . 

3)  Proper  detection 

After  hydrolysis,  a  proof  for  both  products  of  the  hydrolysis  is 
made.  The  phosphoric  acid  is  proved  by  conversion  to  phosphomolybden 
blue.  For  the  detection  of  dimethyl amine,  a  number  of  methods  can  be 
used,  each  of  a  different  sensitivity, 

A  ,1$  solution  of  hydrochloride  dimethylamine  was  used  as  a 
standard,  solution.  The  content  of  the  active  constituent  was  determin¬ 
ed  by  a  distillation  method  (for  diinethylairdne)  and  argentometrieally 
(for  chloride) . 

(a)  The  nitroprussiate  -  acetal  reaction 

This  reaction  is  positive,  even  at  a  gi’eat  dilluticn  (positive 
even  with  a  1  ml  sample  mentioned  in  the  preceding  paragraph  in  phos¬ 
phorus  colorimetry)  *  In  grsatly-dilluted  solutions*  th«»  method  adapted 
by  us  proved  to.  be  better,  1  ml  of  activator  ark  drops  of  a  20%  solu¬ 
tion  of  soda  are  added  to  a  1  inl  samp3.e  until  the  originally  vague  color 
of  the  liquid  reaches  a  deeper  tone.  In  the  presence  of  a  secondary 
amine  ,  thez^  will  appear  gradually  a  red-purple  to  blue-purple-  coloring 
(according  to  the  quantity  of  amine),  '  The  control  test,  which  should 
be  made  at  all  times,  gives  an  orange-red  coloring, 

(b)  The  carbonic  disulphide -metal  salts  reaction 

Secondciry  amines  font!  in  alkaline  media  with  carbonic  disulphide 
di&lkyldithiocarbaminanes,  which  give,  when  combined  with  ions  of  cer¬ 
tain  metals,  salts  insoluble  in  water  which  can  be  transferred  into 
organic  solvents  as  color  coii^plexes.  The  proof  was  made  currently  w3.th 
a  copper  salt,  but  we  used  also  even  cobalt  and  nickel  salts. 

First,  5>  drops  of  a  30%  NaOH,  1  ml  ammonium  coit^les  of  the 
respective  metal,  and  5-10  ml  of  oS%  carbonic  disulphide  sol.ution  in 
chloroform  are  added  to  1  ml  of  the  sasple  .and  vigorously  agitated. 

If  a  cobalt  activator  is  used,  the  sensitivity  at  higher  pH'Values 
decreases.  The  reaction  is  therefore  made  either  without  the  addition 
of  lye,  or  with  a  w-ater  solution  of  a  cobalt  salt  in  a  mildly  alkaline 
solution. 

With  a  copper  salt,  there  is  foiind  in  the  ch3..oroform  layer  a 
yellow  to  ochre  coloririg?  with  a  cobalt  salt,  a  green  one^  with  a 
nickel  salt,  a  yellow-green  one. 

Our  proof  for  dimettylemj.ne  by  the  reverse  reaction  of  Vasak  — 
Sedivec  belongs  to  this  group, 
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■  1  rel,  of  carbordc  dis'alpliide.  emilsion,  df.llutsd  in  100  kiI  of 

water,  and  5  drops  of  30^  NaOH  are  added  to  1  ml  of  the  sample*  After 
agitation  it  is  nentx-alized  by  drops  of  AgNO^  solu¬ 

tion  (not  too  nujchj)  are  added  and  mixea  in  a  test-tube  with  a  >  rO. 
Kdxture  of  chloroforja  and  pyridin- (ratio  of  itsl).  A  tube  leading  from 
a  source  of  arsenic  hydride  is  placed  into  the  test-tube.  The  gas  is 
brought  inside  for  several  minutes.  The  ostlginal.  clear  or  yellowish 
chloroform  layer  changes  its  color  from  pink  throxvgh  organge  to  carisdne. 
In  a  small  quantity  of  dimethylamine,  it  is  necessary  to  separate  the 
lower  chloroform  layer,  dry  it  up  with  sodium  sulphate j  only  then  may 
arsenic  hydride  be  introduced, 

(c)  The  nitrous  acid  reaction. 

Secondary  amines,  when  combined  with  nitrous  acid,  form  nitro- 
saraines,  which  are  proved  after  distillation  by  the  Liebermann  reaction, 

if)  Isolation  of  biological  materia.1 

The  biological  material  is  extracted  in  a  Soxhlet  apparatus  by 
chloroform*  Chloroform  was  transferred  into  a  100  ml  deconposition 
retort,  covered  by  20  ml  of  IN  H2SO, ,  and  after  connection  with  the 
reversible  cooling  apparatus,  the  retort  was  put  into  a  glycerine  bath. 
By  means  of  a  gradual  increase  of  tesperatojce,  chloroform  is  slot^y 
vaporized  (no  water  passes  through  the  cooling  apparatus) ,  A.ftcr  that, 
the  water  was  allowed  to  pass  through  the  cooling  apparatus,  and  the 
temperature  of  the  bath  increased  to  110®C,  At  this  temperature  tte 
sample  was  hydrolyned  for  two  hours.  Then  the  sample  was  removed,  the 
cooling  apparatus  rinsed  with  wa.ter,  tte  hjnj|,rolyzed  product  filtrated, 
and  the  filtrate  tested  for  the  presence  of  phosphoric  acid  and  dimeth- 
ylamine.  If  the  hydrolyzed  product  was  not  pure,  it  -was  reduced  by 
vaporization  to  a  sma,ller  voIuhk,  and  dimethylandn  isolated  by  distil¬ 
lation  in  a  Parnass-Wagner  microapparatus. 

Results  and  Discussion 

It  is  e\rident  from  Table  I  that  for  a  quantitative  hydrolysis 
of  Schradan,  a  two-hour  heating  with  a  normal  acid  at  100®C  is  suffi¬ 
cient,  Fui-ther,  it  is  also  clear  that  hydrolysis  by  means  of  hydx'o- 
chloric  acid  develops  much  better  than  hydrolysis  by  means  of  sulphuric 
acid  of  the  same  concentration.  In  spite  of  this' fact,  we  used  sulphur¬ 
ic  acidj  chiefly  to  pi-event  precipitation  of  silver  chloride  in  proving 
dimethylami-ne  by  the  silver  dlmethyldithiocarbamine  method.  At  labora¬ 
tory  tenfjsrateire,  the  hydrolysis  develops  even  at  a  relatively  low  pH 
very  slowly.  At  approximately  1,5  pH,  the  sample  hydrolyzed  only  by* 
18^  after  two  days. 

The  large  variety  of  proofs  for  dimethylairdne  makes  it  possible 
to  realize  a  semi-quantitative  estimation  of  Schradan  in  the  respective 
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sample.  The  mentioned  reactions,  as  a  matter  of  fact,  have  various 
degrees  of  8ensit5.vxty .  X'ftien  using  the  adapted  nitroprussiate  -  acetal 
proof,  we  may  detect  as  little  as  S/)g  of  the  substance ^  with  copper 
salt  proof,  with  the  cobalt  salt,  20“3Q<*gi  T'^ith  nickel  sal.t,  ■ 

approximately  lOQit/g  can  be  detected.  In  the  silver  salt  -  arsenic 
hji'dride  reaction,  hOpg  of  the  substance  will  be  sufficient,  but  a  deep 
carmine  color  is  obtained  only  after  the  content  of  diraethylamine  hydro 
chloride  reaches  several  tenths  of  mg.  The  nitrous  acid  reaction  is 
positive  oti  a  centigram  scale.  It  is  therefore  possible  to  estimate 
the  quantity  of  dimethj/lamine  in  a  sample  according  to  tdiich  quantita- 
tive  reactions  are  positive  and  -which  are  negative. 

In  the  isolation  from  biological  material,  it  is  a  great  advan¬ 
tage  that  OMPA  is  soluble  both  in  water  and  in  organic  solvents.  In 
its  j.solation  it  is  possib?Le  to  get  rid  of  anorganic  phosphates  on  one 
side  (and  thereby  support  the  proof  for  phosphoric  acid),  and  organic 
iiijpurities  on  the  other. 

The  most  advantageous  method  of  OKPA  isolation  and  its  quantita¬ 
tive  determji.nation  will  be  presented  in  the  following  report* 


Conclusion 


The  methods  of  proofs  for  Schradan,  which  can  be  used  also  for 
other  ami nophosphates,-  have  been  collected,  extended,  and  supplemented 
The  resorrjsended  method  is  based  on  the  acid  hydrolysis  of  Schradan  and 
proofs  foir  both  components  of  the  hydrolysis?  phosphoric  acid  and  sec¬ 
ondary  amines,  .The  report  compares  the  sensi,tivity  and  advantages  of 
methods  used  in  the  deterr,iination  of  secondaj-y  amines.  Final.ly,  it 
describes  -the  isolati.-cr  of  the  hydrolysis  prod'ucts  from  biological 
material. 
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